Abstract-A new system to control a 630 ton and a 2500 ton presses has been developed. By using this system it has been made possible to define new parameters related to pressure and temperature and the influence of certain factors on them. Furthermore, the new system has been shown to indicate that other parameters, such as height of the gasket formed (h c ), electrical resistance of the reaction cell, and the fre quency of activation of the pump or multiplier, can serve as important indicators of the improvement of superhard material production technologies, implementing the Computational Intelligence (CI).
PARAMETERS EVALUATED
When analyzing the curves of the graphs of the parameters and of the height of a gasket (h c ), we can see that there is a difference between these curves, for variable productivities (scale for enlarged h c ). The behavior fea tures of the parameters p 1 , I, V, W, R and h c during synthesis, are shown in Figs. 1 (no yield) and 2 (with the maximum yield of diamonds). In general, the records of the distance between the high pressure apparatus HPA components show the following steps:
-fast approach of the HPA components; -elastic and plastic deformation of the capsule; -formation of the gasket under pressure p 1 = 66-70 MPa (p 2 from 3.0 to 3.2 GPa); -elastic deformation of the gasket during the subsequent pressure increase up to 5.0 GPa; -pressure release and removal of the HPA components after the synthesis. The h c curve shows no increase of the gasket critical thickness during the synthesis, only its reduction. This indicates that there is no increase of the pressure within the compression chamber due to the thermal expan sion of the mixture, as described in [1] . The behavior of the approximating curve may be caused by the dimen sions of the graphite porosity, the alloy melting and filling graphite pores as well as to the initial formation of diamond nucleus.
From the analysis of the graphs shown in Figs. 1 and 2, we can state that: -there is a difference between the curves of electric resistance, power, and voltage of the reaction mixture for each operation. According to Fig. 1 , for 200 s after setting the controlled current of heating, the electrical resistance remains constant. Figure 2 shows that the electric resistance reaches its lowest level in 200 s and after 50 s increases and becomes constant;
-the registrated curves of the distance change (h c ) between the components of HPA during the process have different characters. The process without the diamond production presents the formation of a gasket under hydraulic pressure p 1 of 70 MPa and, after reaching the level of the electrical current for the synthesis, the distance between the HPA components is reduced by 0.1 mm. The time of this event is 200 s; and -during the synthesis with productivity, the decrease of the h c between the components of the HPA was 0.4 mm and took 100 s. This may be caused only by the pressure decrease in the compression chamber of the HPA due to the transformation of graphite into diamond, with the elastic deformation of the gasket and the increase of contact pressure on it, since the force of the press is not changed.
If the pressure, p 1 , increases linearly in the master cylinder from 102 MPa, with a speed of 0.3 MPa/min from the beginning of heating, it is possible to increase the pressure within the compression chamber.
The characteristics of the typical behavior of the direct parameters (p 1 , I, R, V, W, and h c ), during synthesis are shown in Fig. 3 (maximum productivity of 6.7 g)
With the increase of pressure p 1 up to 105 MPa in the master cylinder, critical height h c ranges intensively. In this case, the pressure value in the gasket increases faster, causing plastic deformation in the peripheries of the anvils [2] . In any case, there is a correlation between pressure p 1 and h c .
A way of evaluating the pressure during the diamonds synthesis by correlating the gasket height with the pressure generated within the compression chamber before heating was proposed in [3] . But the linear shape of this dependence does not correspond to the reality of the gasket deformation found in this study. The approximating curve of the HPA parts, constructed in this paper, in accordance with the calibration data made under a temperature of 30°C, can serve as an indicator of high pressure within the compression chamber for each operation (Fig. 4) . This and other dependences (Figs. 1-3) show that h c is a parameter that can serve for the evaluation of the processes from the operator's point of view as to the future of the Computational Intel ligence (CI) in the programming of the command through the equation and appropriate conditions.
With the variations of size and weight of the assembled capsules depending on the gasket critical height and the productivity by operation, some results of the automatic process of diamond synthesis are shown in Table 1 . This is caused both by the pressure and temperature change during the process. Comparing the , during the synthesis process without productivity. change in weight of the assembled capsule with recorded parameters of the synthesis, Figs. 1, 2, 5 and 6, it can be concluded that the value of electrical resistance and the critical thickness of the deformed gasket are con nected to each other and influence the operation result. Of course, the main parameters depend, as is seen in Table 1 , on the properties of the deformable capsule material, the reaction mixture, the insulating covers and other reaction cell components. Among them, the electrical resistance, compressibility, density, and dimensions of each component of the assembled capsule are emphasized. To keep them in equality is impossible, because the mass production does not allow it. It may be necessary to select components in groups and for each group apply more appropriate parameters, which can be found by the CI.
As is mentioned, the behavior of the curve of the pressure in the master cylinder drew our attention. Figure 7 shows, in detail, typical curves of the maintenance of pressure p 1 in the processes carried out without heating, with heating, and with a high and low productivity. Analyzing the curve of the synthesis with high pro ductivity after setting the level of the synthesis current, the frequency of linkage of the pressure multiplier increases and simultaneously reduces the height of the gasket according to curves h c of the synthesis process Figs. 1, 2, 5, and 6.
By increasing the scale of the p 1 curves in the graphs shown in Figs. 1, 2 , 5, and 6, it can be confirmed that there is a change in pressure p 1 presented by a cyclic variation of the pressure with amplitude of 0.6 MPa in Fig. 7 . The profiles of these changes for each productivity are different and can be used for evaluation of the operation by the future CI. The difference between the frequency activation of the multiplier can also serve as an evaluator. The aver age number of the multiplier activation cycles per minute (cpm) during the maintenance of pressure p 1 (102 MPa) differs for syntheses with and without the diamond yield. The number of activations to maintain the diamond synthesis parameters with the diamond yield is four times higher. When the complementary pump with a variable rotation is used, this rotation can also serve as an indicator of the synthesis success. This effect is shown by the graph in Fig. 8 , which can also be used in the synthesis evaluation by the CI.
It is possible to fix the parameters of the synthesis during the process or stop it ("intervention" by the oper ator in the automatic process of synthesis) to ensure the increase in productivity of the synthesis in general. The first solution is more economical because it avoids the loss of material and time, but depends on the qual ity of the CI or the skill of the operator. The parameters that will indicate the necessity of the intervention in the process are a low or high value of the thickness; velocity of a change of the gasket height; and lack of the increase of the electric resistance after 200 s of synthesis.
Among these parameters, the distance measurement of approach between the components of a HPA allows interrupting the process in a shorter time.
In Table 2 the results of the synthesis (with a controlled current) and the change of the synthesis parameters in the course of the process are presented. The signal to change the pressure was the curve inclination of the critical thickness of the gasket formed. To attain the desired change of the temperature, the value of the electric resistance of the reaction mixture was chosen. The theoretical study was made on the basis of experiments that enabled to determine the level curve that describes the productivity with independent variables p 1 and I, to support the obtained results, and justify the perspective of the CI use. Five repetitions on the central point of the CCP allowed determining the average relative error of 3.05. Figure 9 shows the level curve of the productivity. This curve indicates that under the conditions employed the higher productivity is in the region above 940 A and 103.5 MPa. These results show that the initial temper ature of the synthesis process should be 1350°C at a pressure p 2 at least of 4.7 GPa. Analyzing the level curve, we see that the highest productivity could be achieved with a pressure of 104.8 MPa and electric current of 960 A.
The analysis of the recorded data of the indirect parameters such as flow, input and output temperatures of the water cooling the HPA, temperature of the HPA parts, shows that they also have an impact on the process results. It is necessary to maintain the temperature of the anvils and of the HPA components until level 50°C before the installation into the press. Under the real conditions of the carried out studies, it was not possible to maintain this equality in the time of synthesis.
The influence of the new automation system on the process of diamond synthesis is shown in Table 3 .
The above results show that the indicated parameters have considerable influence on the productivity, because there are variations even maintaining the main parameters (p 1 , I and t) constant in all experiments and indirectly near the equilibrium line in the phase diagram of carbon. For this reason, it is necessary to carry out further investigations to develop a more effective CI. 2. SINTERING OF A cBN COMPOSITE 25 samples of composites based on cBN, almost cylindrical in shape with a diameter of 5 mm were pro duced.
According to the supervisory program of the 630 ton hydraulic press, the more complex record of the graphs of sintering that presented the real values of pressure p 1 and power W during the process was done. Two graphs are presented for unicycle and three cycle sintering, Figs. 10 and 11.
The period of the high pressure application for each cycle was of 2.5 min to compensate the time spent for the increase and decrease of the power, each cycle lasted for a period of 6 min, which includes the increase of the pressure up to the operating level (1.2 min), maintaining the pressure for 2.5 min, and decrease pressure for 2.3 min. The time of the real sintering (simultaneous action of pressure and temperature) was 2 min.
In all graphs, there were average variations of ±0.2 MPa and ±3.0 W at a level of sintering. The greatest high pressure variation was in sample 3.2 with variations of ±0.5 MPa and ±30 W.
The graphs show that there was not a uniform velocity of the pressure reduction between the stages of high and low pressure p 1 , which caused a malformation of the level of low pressure (10 MPa in the master cylinder). For sample 5.2, the pressure reduced to a value of 9.2 MPa. Thus, it is understood that the reduction period of 1 min between the levels of maximum and minimum pressure p 1 has not been sufficient for the effective for mation of the pressure minimum level since the high speed of reduction did not allow the software to perform the control as scheduled.
The positive influence of the cyclic application of the sintering parameters in the automatic system, is con nected both with the increase of samples density and the increase of mechanical characteristics. This is caused by a martensitic recrystallization of the binder and a decrease of space between the cBN grains. The best results were exhibited by samples treated in three cycles. The microhardness increased the by 18%.
3. CONCLUSIONS The development of the new command for special presses of UENF made it possible to mark exactly, which parameters of synthesis and sintering are responsible for the stability and perfection of the processes men tioned. The possibility to record 11 direct and indirect parameters gives a great opportunity to assess the influ ence of parameters, which are not monitored, and to make a proposal to create the appropriate algorithms of the future CI.
The behavior of the recorded curve shows that in the case when the HPA of an anvil with a central cavity type is applied, the synthesis process is unstable, because of many phenomena. A collection of data related to the operating conditions and their results can be processed using a data mining algorithm to identify the inter relation of these phenomena.
The direct real parameters I and p 1 and the effectiveness of the process depend on the following indirect parameters: a size variation of a deformable capsule, density of the reaction mixture and its electrical resis tance; properties of other components of the reaction cell; initial temperature of the anvils, a speed of cooling the HPA, and plastic deformation of the working surfaces of the HPA anvils. The construction of the HPA used creates a change of the pressure during heating of the reaction cell accompanied by a reduction of the critical thickness of the gasket formed. A pressure increase due to warming (thermal expansion) was not recorded.
The curve of measuring the distance between the components of HPA during the generation of high pres sure and temperature can serve as an indicator of the interruption of the process with no productivity and also can serve as an indicator of the value of high pressure p 2 within the compression chamber at room temperature.
Based on the analysis of the information obtained from the tests of the command, we can state that the measuring of the distance between the anvils may enable the construction of the calibration curve of the pres sure inside the compression chamber of HPA. This measuring of the distance may also establish a new param eter for pressure control, state the time of disconnection of the press in case of a rapid ejection in the form of explosion, and indicate a variation of the compression chamber volume.
As it is impossible to eliminate the casualties, the new command of the 2500 ton press is enabling the cor rection of the p, T parameters during the automatic process of synthesis or stopping it, even thus increasing the productivity of synthesis per minute (from 6 to 8%).
The new command allowed increasing the process productivity by a factor of 1.2, increasing the lifetime of the HPA by 10%, improving security, and, especially, providing data for scientific analysis in studies of high pressure.
In the case of sintering superhard material, the new command and the research have shown the ability, for example, to carry out very complex procedures.
Concluding the analysis of the results obtained previously with new automation system of the 630 and 2500 ton presses for production of superhard materials, we can say that there is a perspective of the develop ment and application of CI to increase quality and productivity of superhard materials on an industrial scale for HPA of the anvil with a central cavity type.
